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We present a formalism for detection of non-Markovianity through uncertainty relations. We show that when
there is an information back-flow to the system from its environment through CP-divisibility breaking, the Choi-
states corresponding to the reduced system evolution contain at least one negative eigenvalue. The consequent
break down of uncertainty relations for such states can be used to witness non-Markovian dynamics. We present
some relevant examples of the phenomenon for qubit channels. We further prove that square of the variance
of a suitable hermitian operator can act as a non-linear witness of non-Markovianity. We finally show that
non-Markovianity is necessary in order to decrease the uncertainty of the states undergoing unital dynamics for
qubits. This provides another method of certifying non-Markovianity.
I. INTRODUCTION
The theory of open quantum systems provides adequate
descriptions of general quantum evolution, enabling physi-
cal explanations for dissipation, decoherence and other irre-
versible phenomena due to interaction with noisy environent
[1–7]. Usually, the general quantum dyanmics can be di-
vided into two specific classes, namely, Markovian and non-
Markovian. Markovian evolutions can be broadly identified
by those special type of evolutions, for which the information
flow from the system to the environment is a one-way traffic.
These types of evolutions can be described by divisible quan-
tum maps [8–10]. However, when the system-environment
coupling is not sufficiently weak or the environment is non-
stationary, we encounter situations where the Born-Markov
approximation can not be satisfied. Therefore, for such evo-
lutions, there exists many such realistic scenarios for which
indivisible dynamics can also occur, providing signatures of
non-Markovian information back flow[11–16].
In recent years it has been realized that non-Markovianity
(NM) acts as a resource in various quantum mechanical tasks.
For example, NM allows perfect teleportation with mixed
states [17], efficient entanglement distribution [18], improve-
ment of capacity for long quantum channels [19], and effi-
cient work extraction from an Otto cycle [20]. For these cases,
the accomplishment of the concerned tasks are done by har-
nessing information backflow, which can be understood as re-
source inter-conversion. NM can thus be inter-converted via
information backflow, into other resources such as entangle-
ment, coherent information and extractable work. It can also
be exploited for efficient quantum control [21]. Experimen-
tally, non-Markovian system-environment correlations have
been demonstrated in trapped-ion [22, 23], nuclear magnetic
resonance [24] and photonic [25–27, 77–81] systems.
In view of the emerging significance of NM in quantum
information processing, it has become important to spec-
ify whether a given system-environment dynamics possesses
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non-Markovian traits. In other words, in order to use NM as
a resource, one first needs to detect signatures of NM. Thus,
formulation of detection schemes of NM is highly relevant in
a spirit similar to the construction of witness theories of other
resources such as quantum entanglement and coherence. Note
that experimentally witnessing signatures of NM is a chal-
lenging task, as proposed measures of NM based on informa-
tion backflow [12] are difficult to realize directly in practice.
Though an unambiguous description of NM is provided by in-
divisible operations, there has been an attempt to construct a
generalized description of NM by process tensor formalism
[28]. However, information backflow can only be witnessed,
if the divisibility of a quantum channel breaks down. In this
work we propose an avenue for detecting signatures of NM by
interlinking it with a fundamental feature of quantum mechan-
ics, viz., uncertainty relations. Our motivation stems from the
feasibilty of experimental realization of uncertainty relations
between Hermitian operators.
Quantum theory restricts the accuracy of simultaneous
measurements, which is well explained by the famous Heisen-
berg uncertainty relation [29]. A stronger lower bound of
uncertainty was obtained by Robertson-Schro¨dinger by in-
cluding an anti-commutator for more generalized pairs of
observables[30]. However, for quantum states that are eigen-
states of one of the observables, a non-trivial lower bound
reflecting incompatibility of the observables may still be ob-
tained by using uncertainty relations based on sums of vari-
ances [31–33]. Other forms of uncertainty relations such as
entropic uncertainty relation [34, 35], and fine-grained uncer-
tainty relation [36] have also been derived. Experimental in-
vestigations of different uncertainty relations have been per-
formed [37–48]
Uncertainty relations have wide range of applicability.
They can be used to justify the complex structure of the
Hilbert space [49, 50], for detecting purity[51], entangle-
ment [52–60], demonstration of EPR-steering [61–64], secu-
rity analysis of quantum key distribution [65], etc. Drawing
inspiration from the literature on the usage of uncertainty rela-
tions to witness quantum correlations, we investigate the pos-
sibility of detecting non-Markovianity through uncertainty re-
lations.In a realistic scenario the overall dynamics is always
completely-positive (CP) and hence, uncertainty relations will
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2always hold for the overall dynamics. However, complete-
positivity may break down within the intermediate time step
for NM evolution. This leads to the violation of uncertainty
relations within those intermediate time steps and hence, can
be used to detect NM. In the present work we propose the util-
ity of the Robertson-Schro¨dinger (RS) uncertainty relation to
detect NM.
The plan of this paper is as follows. In the next section we
construct our theory of non-Markovianity detection via the RS
uncertainty violation proposing a linear witness of NM, and
verify our theory with some examples. We further present a
nonlinear extension of the NM witness and show that it could
lead to the detection of NM dynamics beyond that possible
by the liner witness. Then in Section III we discuss a spe-
cial case of unital dynamics for qubits and propose another
method of detecting non-Markovianity through the dynamics
of Robertson-Schro¨dinger uncertainty. We conclude with a
summary of our results and possible implications of our ap-
proach in Section IV..
II. UNCERTAINTY RELATIONS FOR
NON-MARKOVIANITY DETECTION
We begin with a brief overview of the preliminary back-
ground of indivisible non-Markovian operations and their
characterization.
A. Geometric representation of quantum channels
Consider an arbitrary quantum channel, ΛN (t, t0) : ρ(t0) →
ρ(t). Let us introduce a set D which contains all such quan-
tum channels. Via the channel-state duality [66, 67], we can
always find a one to one connection ofDwith the set of corre-
sponding to the set of all Choi-states F , where the Choi-state
for any quantum evolution ΛN (t, t0) is defined by
CN (t, t0) = I ⊗ ΛN (t, t0)(|φ〉〈φ|).
Here |φ〉 is a maximally entangled state of dimension d × d
for a d dimensional system. According to Choi-Jamiolkowski
isomorphism [68] for complete-positivity (CP) of the dynam-
ics ΛN (t, t0), it is sufficient to show the corresponding Choi
state CM(t, t0) ≥ 0, ∀(t, t0).
B. CP-divisibity and Markovian channels
The channel or dynamical map is called CP-divisible iff
it can always be written in the form ΛN (t, t0) = ΛN (t, t1) ◦
ΛN (t1, t0) where t > t1 > t0 ∀ t, t1, t0. This condition is equiv-
ant to the condition that the dynamics is CP for all time inter-
vals [11]. Following Rivas et.al. [11], we shall use the term
‘Markovian Choi-state’ if the corresponding dynamics is CP-
divisible. Rest of the Choi states, corresponding to indivisible
channels are considered as non-Markovian Choi states.
Recently, it has been shown that one can have convex com-
pact structure of the set of Markovian-Choi states if we restrict
ourselves only to those dynamical maps which have Lindblad
type generators and in short time interval (t, t + ) approxi-
mation ( is sufficiently small) [69]. A dynamics of Lind-
blad form is, ρ˙(t) = Lt(ρ(t)) where Lt(.) = ∑i Γi(t)(Li(.)L†i −
1
2 {L†i Li, (.)}).Here Γi(t)’s are Lindblad coefficients and Li’s are
Lindblad operators. A necessary and sufficient condition for
CP-divisibility of the dynamics is that Γi(t) ≥ 0 ∀(i, t), [3].
However, in many practical situations CP-divisibility may
break down, leading to the observation of non-Markovian
backflow of information. This approach of non-Markovianity
via CP-indivisibility has been used extensively in the recent
literature [11–16]. It is evident from these studies that CP-
indivisibility of arbitrary dynamical evolutions leads to the
violation of positive semi-definiteness of the corresponding
Choi states [66, 67]. This leads us to the idea of detecting
non-Markovianity by the violation of uncertainty relations.
C. Violation of Uncertainty relations
Robertson [30] showed that uncertainty relations can be
found using the property of positive semi-definiteness of a
quantum state. More recently it has been proven [54] that
positive semi-definiteness of a state is necessary for uncer-
tainty relations to hold. A 2 × 2 matrix ρ1 =
(
a c
c∗ b
)
with
Tr[ρ1] = 1 and Det[ρ1] ≥ 0, implies ab − |c|2 ≥ 0. The
Robertson-Schrodinger(RS) uncertainty relation for two ob-
servables A and B,
∆A2∆B2 − 1
4
|〈[A, B]〉|2 − 1
4
|(〈{A, B}〉 − 2〈A〉〈B〉)|2 ≥ 0, (1)
(where expectation values are calculated over the quantum
state ρ1) will hold if ab − |c|2 ≥ 0.
For a CP divisible evolution M, the corresponding Choi
state CM(t, ) ≥ 0, ∀(t, ), the uncertainty relations will al-
ways hold. However, for some arbitrary CP-indivisible evolu-
tionN , CN (t, ) can acquire negative eigenvalues within some
time interval  and may lead to the violation of uncertainty
relations. We use this fact to state and prove the following
theorem.
Theorem 1 : In a dynamical situation, violation of the
Robertson-Schro¨dinger uncertainty relation for the Choi state
is sufficient to detect CP-indivisibility.
Proof. Consider the Robertson-Schro¨dinger uncertainty rela-
tion (1). Clearly, the last two terms in the left hand side of
Eq. (1) are always positive. Let us consider the first term, i.e.,
the product of the variance of A and variance of B. Now, the
variance of A (similarly for B), is
(
Tr
[
CNA2
]
− (Tr [CNA])2
)
,
where averages are taken over the Choi-states CN . The sec-
ond term of the variance being the square of a real number
is always positive, since A is a hermitian operator. If CN has
a spectral decomposition of the form, CN = ∑i λi|i〉〈i|, and
A =
∑
j
∑
i Ai j|i〉〈 j|, the first term of the variance becomes,
Tr
[
CNA2
]
=
∑
i j
λi|Ai j|2. (2)
3It shows that if the Choi state CN is positive, then Tr
[
CNA2
]
is always positive. But, if complete positivity of CN breaks,
then and only then, there is a possibility that Tr
[
CNA2
]
can
be negative, hence making the variance negative. This in turn
gives us the sufficient condition for the violation of the un-
certainty relation. Therefore, it is evident that for any open
quantum system dynamics, CP-divisibility breaking is neces-
sary for violation of the uncertainty relation for the Choi state
CN (t, ) for some interval . 
This theorem presents us with the opportunity to detect non-
Markovianity via the violation of RS uncertainty relation. In
the following corollary, we strengthen this result, by prov-
ing that there always exists such a pair of hermitian opera-
tors, which will violate the RS uncertainty relation for non-
Markovian Choi states.
Corollary 1: There always exists a set of Hermitian operators,
for which RS uncertainty relation will be violated in case of
non-Markovian operations.
Proof. Let us consider the Choi-state in its spectral decom-
position form, CN = ∑i λ+i |λ+i 〉〈λ+i | + ∑ j λ−j |λ−j 〉〈λ−j |, where
λ+i andλ
−
j are the positive and negative eigenvalues respec-
tively. The trace preservation condition yields
∑
i λ
+
i +
∑
j λ
−
j =
1. This shows us that for any arbitary choice of non-
Markovian Choi state, there always exist at least one posi-
tive eigenvalue also, to preserve this trace relation. Let us
consider one of the Hermitian operators to be H1 = |λ−j 〉〈λ−j |,
which will give us the negative eigenvalue λ−j , if acted upon
the Choi state CN . For this, the variance will give us ∆2H1 =
λ−j − (λ−j )2 < 0. Let us now consider another Hermitian
operator H2 =
∑
i, j(|λ+i 〉〈λ−j | + |λ−j 〉〈λ+i |). Acting upon the
Choi state CN , we find that ∆2H2 = 1. Therefore, the term
∆2H1∆2H2 < 0, making the left hand side of RS relation (1)
to be always negative, for the pair of operators H1 and H2,
for all such choices. For any given Choi state, which is non-
Markovian, i.e., containing at least one negative eigenvalue,
we can always find such a pair of H1 and H2. This proves the
corollary. 
In the following proposition, we discuss another uncer-
tainty like relation, whose violation will sufficently detect
non-Markovian dynamics.
Proposition 1 : For some observable Ai and some state
CM written in a convex combination [i.e. CM = ∑k pkCkM
where pk ≥ 0,∑k pk = 1] of some Markovian Choi-states, CkM
within the set of all Markovian Choi-states having Lindblad
type generators (F M),∑
i
∆2(Ai)CM ≥
∑
k
pk
∑
i
∆2(Ai)CkM , (3)
holds, where ∆2(Ai)X is the variance of Ai over the state X as
defined earlier. We call a state ”violating proposition 1” if and
only if there are no states CkM ∈ F M and no pk such that above
equation is fulfilled.
Proof. This fact is known from a different perspective of en-
tanglement theory [52, 53]. For each Ai,
∆2(Ai)CM =
∑
k
pk〈(Ai − 〈Ai〉CM )2〉CkM
=
∑
k
pk(〈A2i 〉CkM − 〈Ai〉
2
CkM
+ 〈Ai〉2CkM − 2〈Ai〉CkM〈Ai〉CM + 〈Ai〉
2
CM )
=
∑
k
pk(∆2(Ai)CkM + (〈Ai〉CkM − 〈Ai〉CM )
2)
≥
∑
k
pk∆2(Ai)CkM .
Now summing over i, we get∑
i
∆2(Ai)CM ≥
∑
k
pk
∑
i
∆2(Ai)CkM ,

Since the proposition is based on convex structure of the set
of Markovian Choi-states CM, violation of this proposition
implies the state CM lies outside the convex set and hence
must be non-Markovian. In fact this proposition is a sufficient
criterion, if we choose Ai appropriately.
One may be interested to obtain the lower bound of the
above derived uncertainty inequality. From the above equa-
tion it is clear that the equality holds for pure Markovian Choi-
states, i.e., if the state CM does not have any decomposition
other than itself. Next, one has to optimize over all such pure
Markovian Choi-states.
In the following proposition, we consider another uncer-
tainty relation, which can be advantageous than the RS uncer-
tainty relation to detect non-Markovianity.
Proposition 2 : For two hermitian operators A and B,
∆A2 + ∆B2 ≥ |〈[A, B]〉|, (4)
where < (·) >= Tr((·)CM), with CM ∈ F M.
Proof. The proof is straightforward. We know (∆A−∆B)2 ≥ 0
or ∆A2 + ∆B2 ≥ 2∆A∆B. Now, the Heisenberg uncertainty
relation for A and B is given by ∆A∆B ≥ 12 |〈[A, B]〉|. 
Here we observe that choosing a suitable observable is im-
portant, so that the expectation value of the observable cor-
responding to some non-Markovian Choi-state CN becomes
negative. Therefore, violation of “Proposition 2” implies de-
tection of non-Markovianity. The reason to propose this sum
uncertainty relation is due to the fact that it can detect non-
Markovianity through its violation, in cases where the product
uncertainty relation like the RS uncertainty do not show viola-
tion. Let us elucidate more on this issue of non-Markovianity
detection in the context of the following example.
Consider a non-Markovian dynamics having Choi state CN ,
which has at least two negative eigenvalues λ−1 and λ
−
2 , corre-
sponding to the eigen-vectors |λ−1 〉,|λ−2 〉 respectively. We con-
struct two projectors W1 = |λ−1 〉〈λ−1 | and W2 = |λ−2 〉〈λ−2 |.The RS
uncertainty (1) for these two observables, gives us λ−1λ
−
2 (1 −
(λ−1 + λ
−
2 )) ≥ 0. Clearly, equation (1) is not violated since λ−1
and λ−2 are both negative. However, if one considers the sum
uncertainty (4), the LHS becomes negative, but the RHS be-
ing commutator of two orthogonal projectors vanishes. We
can see that the violation of equation (4) occurs for this case.
4This example shows that the sum uncertainty relation (4) can
be advantageous compared to product uncertainty relations for
the detection of non-Markovianity.
D. Examples
In this sub-section, we present various practical examples
from quantum channels, to validate the theory we constructed
in the above presentation.
Dephasing channel: The Lindblad equation for a pure
dephasing channel is given by,
dρ
dt
= γ(t)(σzρσz − ρ),
whereσz is the z component of Pauli matrix and γ(t) is defined
as,
γ(t) =
2λγ0 sinh[tg/2]
g cosh[tg/2] + λ sinh[tg/2]
.
with g =
√
λ2 − 2γ0λ. It has been shown that the dynamics
will be non-Markovian when γ(t) has a negative region and
that happen only when γ0 > λ/2 [70]. Here we calculate the
LHS of RS-uncertainty relation (Eq. (1)) R(t) for the Choi-
state of this dephasing channel under the small time approx-
imation ( << 0), and observe that uncertainty relations get
violated only when the Lindblad coefficient γ(t) is negative.
This confirms that violation of uncertainty relation is sufficient
to show that the dynamics is non-Markovian. Fig. (1) depicts
the uncertainty profile as a function of time for the dephasing
channel for the observables S x = σx ⊗σy,S y = σx ⊗σx. Note
that, in figure we consider dimensionless quantity t¯ = t/κ and
γ¯(t) = κγ(t) for time and Lindblad coefficient respectively,
where κ is a constant of the dimension of time.
R(t)
Γ (t)/50
−4×10−4
−2×10−4
0
2×10−4
4×10−4
t
0 50 100 150 200 250 300 350
FIG. 1. (Colour online) Plot for the RS-uncertainty quantity R(t)
for a Choi-state and the Lindblad-coefficient (γ¯(t)) with dimension-
less time t¯ for the Choi-state of the dephasing channel. Clearly, the
RS-uncertainty relation is violated (i.e, R(t)< 0) only where γ¯(t) is
negative.
Spin bath model: Here we use the generalized non-
Markovian evolution for a spin-bath model. This type of sys-
tem has drawn significant interest in recent studies [71–74].
The model considered here in the present work consists of a
central spin interacting uniformly with a collection of mutu-
ally uninteracting and completely unpolarized spins, consid-
ered as the environment. An exact canonical master equation
of the Lindblad form for such a model has been derived earlier
[75]. From the master equation of the Lindblad form it was
shown that the reduced dynamics of the central spin exhibits
non-Markovian features throughout the evolution. The dy-
namical equation for the mentioned reduced evolution is given
by
ρ˙(t) = i
~
U(t)
[
ρ(t), σz
]
+ Γdeph(t)
[
σzρ(t)σz − ρ(t)]
+ Γdis(t)
[
σ−ρ(t)σ+ − 12 {σ+σ−, ρ(t)}
]
+ Γabs(t)
[
σ+ρ(t)σ− − 12 {σ−σ+, ρ(t)}
]
, (5)
where σ± =
σx±iσy
2 and Γdis(t),Γabs(t),Γdeph(t) are the rates
of dissipation, absorption, dephasing processes respectively,
and U(t) corresponds to the unitary evolution. The uncer-
tainty profile for this particular evolution is depicted in Fig.
(2), showing the detection of non-Markovianity through viola-
tion of uncertainty. Note that, similar to the case of dephasing
channel, all the quantities in the plot are made dimensionless,
by scaling with the parameter κ.
Γdeph(t)
Γabs(t)
Γdis(t)× 2
R(t) × 500
−1
−0.5
0
0.5
1
1.5
t0 2.5 5 10 12.5 15
FIG. 2. (Colour online) Plot for RS-uncertainty relation (R(t))
for a Choi-state and various dimensionless Lindblad-coefficients
(Γ¯dis(t), Γ¯abs(t), Γ¯deph(t)) with time t¯ for the Choi-state of spin-bath
model. Clearly RS-uncertainty relation is violated (i.e, R(t)< 0) only
at those regions where at least one of the Lindblad-coefficients is
negative.
E. Variance as a Non-linear witness of non-Markovianity
Recently, it has been shown that for dynamical maps hav-
ing Lindblad type generators, one can have a resource theory
of non-Markovianity where divisible operations are the free
5operations and the Choi-states corresponding to the free op-
erations are the free states [69]. It was shown that for a suf-
ficiently small , the set of all Markovian Choi-states having
Lindblad type generators will take a convex and compact form
(F M). In a following work [76], a theory of linear witnesses
was further established for detecting non-Markovianity. It was
shown that the set of Choi states for divisible operations does
not form a polytope. Consequently, we can surmise that lin-
ear witnesses will not be sufficient for optimal detection of
non-Markovianity, and hence, non-linear corrections of lin-
ear witnesses are in order. The possibility of detecting non-
Markovianity via violation of uncertainty relations gives us
one such oppor tunity. As we have mentioned earlier, one can
construct NM witness [76] by utilizing the fact that the Marko-
vian Choi states having Lindblad generators form a convex
and compact set (F M) under the small time interval approx-
imation [69]. A hermitian operator W is said to be a non-
Markovian witness if the following criteria hold:
1.Tr(WCM) ≥ 0 ∀CM ∈ F M,
2. There exists at least one NM Choi-state CN such that
Tr(WCN ) < 0.
Let CM be a Choi-state. Since CM is hermitian, one can
have it’s spectral decomposition of the form
CM =
∑
i
λiPi,
where Pis are orthogonal projectors corresponding to the
eigenvalues λi. If the state is Markovian (CP-divisible) then
CM is a valid state as it has all non-negative eigenvalues.
Hence, Tr(CMPi) ≥ 0, ∀i. However, if the operation is non-
Markovian, then Tr(CNPi) < 0 for at least one i. So, orthog-
onal projectors serve as witness.
Proposition 2 : Corresponding to a projective NM witness
Wi, it’s variance ∆2Wi is also a witness.
Proof. The variance of Wi over some state CN as defined ear-
lier is ∆W2i = Tr
[
CN .W2i
]
− (Tr [CN .Wi])2. Since Wi is a pro-
jector corresponding to the eigenvalue say λi, Wi = |λi〉〈λi|, so
W2i = Wi = |λi〉〈λi|. If CN is Markovian, then it has all non
negative eigenvalues. We know that variance for such a state
cannot be negative, i.e.,
∆2(Wi) ≥ 0,∀CN ∈ F M.
But if the operation is non-Markovian, Tr [CNWi] < 0 for at
least one i, say for i = 1, and then the variance for the witness
(projector corresponding to the negative eigenvalue) becomes
∆2(W1) = λ1 − (λ1)2,
which is always negative. Therefore, ∆2(Wi) satisfies the con-
ditions 1 and 2, and hence, serves as a non-linear witness. 
In fact it is clear that ∆2(Wi) is an improvement over the
actual projective witness Wi, since the variance contains an
additional negative term. There is another important corollary
which can be drawn as a consequence of Proposition 2. We
summarize that in the following statement.
Statement 1 : Variance of some suitable hermitian operator
H over Choi states can be considered as a non-linear witness
of non-Markovianity.
Proof. The variance of a hermitian operator H can be ex-
pressed as
∆2(H) = Tr[H†HCN ] − (Tr[HCN ])2
Now, similar to the proof of Proposition 2, it can be shown
that
1. ∆2(H) ≥ 0 for all Markovian Choi states CM,
2. There exists at least one non-Markovian Choi state CN ,
for which ∆2(H) < 0.
This proves the statement. 
One example of such non-linear witness is given in Propo-
sition 2.
III. UNCERTAINTY BASED NON-MARKOVIANITY
QUANTIFIER FOR UNITAL DYNAMICS OF QUBITS
In this section we consider the case of qubit channels and
unital dynamics which have been studied recently in several
experimental works [22–27, 77–81]. Here the RS-uncertainty
function calculated over a physical state ρ(t) = Λ(t)ρ(0) (note
that this is the time evolved state, not the Choi-state) is found
to be a monotonically increasing function under unital evolu-
tion. We show that if we restrict ourselves to unital dynamics,
then the RS-uncertainty function can only decrease in the re-
gions where CP divisibility breaks down.
Statement 2 : Non-Markovianity is necessary to decrease
RS-uncertainty of time-evolving physical states undergoing
unital dynamics.
Proof. It has been shown [51] that the RS-uncertainty relation
can be used to detect purity and mixedness of a state. The
RS-uncertainty relation for a physical state ρ may be written
as
<(A, B, ρ) ≥ 0, (6)
where<(A, B, ρ) is defined as,
<(A, B, ρ) ≡ (∆A)2(∆B)2−| 〈[A, B]〉
2
|2−|( 〈{A, B}〉
2
−〈A〉〈B〉)|2.
(7)
On the other hand, linear entropy is defined as
S l(ρ) =
d
d − 1
[
1 − Tr
[
ρ2
]]
, (8)
where, a qubit ρ may in general be expressed as ρ = I+n̂.σ̂2 .
By choosing A = r̂.σ̂ and B = t̂.σ̂, it has been shown [51]
that
<(A, B, ρ) =
1 −
∑
i
riti
2
 S l(ρ). (9)
Further it has been proved recently [69] that for unital dy-
namics having Lindblad generator, the Lindblad operators are
6normal. Based on this property of Lindblad operators of unital
channels, it can be shown that
d
dt
S l(ρ) =
d
d − 1
∑
i
Γi(t)Qi(t), (10)
where Qi(t) =‖ [Vi, ρ(t)] ‖2HS with Vi the Lindblad operator
for an arbitrary unital channel and ‖ X ‖HS =
√
Tr[X†X] is the
Hilbert-Schmidt norm. Qi(t) is a known measure of quantum-
ness [82, 83]. Combining the above results, here we get
d<
dt
=
d
d − 1
1 −
∑
i
riti
2
∑
i
Γi(t)Qi(t). (11)
Since Qi(t) is always positive, uncertainty will always increase
unless Γi(t) becomes negative. Hence, non-Markovianity is
necessary to decrease uncertainty for any unital dynamics of
a qubit. 
We plot the evolution of RS-uncertainty quantity with time
in Fig. (3), for a initial qubit ρ(0) = 12 |+〉〈+| (where
|+〉 = |0〉+|1〉√
2
), evolving under unital dynamics for the spin-
bath model given by equation (5) with observables A = σx
and B = σy. It is clear from the plot that the RS-uncertainty
decreases only when the CP-divisibility breaks down. Thus,
we propose a quantity G ≡ maxA,B,ρ
∫
d<
dt ≤0
− d<dt dt, as a quanti-
fier of non-Markovianity for qubit unital dynamics.
Γabs(t)
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Γdis(t)/ 2
R(t) /3
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FIG. 3. (Colour online) Plot for RS-uncertainty relation for
a time-evolving physical state and various Lindblad-coefficients
(Γ¯dis(t), Γ¯abs(t), Γ¯deph(t)) with time t¯ for a qubit undergoing unital dy-
namics given by the spin bath model. It is seen that negativity of
Lindblad-coefficient (and hence non-Markovianity) is necessary in
order to decrease uncertainty for this unital dynamics. All quantities
are dimensionless.
The above findings show that the decrease of R for time-
evolving physical states signifies information backflow. Based
on this, we propose a non-Markovian quantifier for unital
qubit dynamics, which can be defined as
N = −
∫
dR
dt <0
dR
dt
dt. (12)
This measure amounts to a certain quantification of total
amount of non-Markovianity. Furthermore if one chooses r̂
and t̂ as orthogonal vectors (which optimise dRdt over A and B),
our proposed measure of non-Markovianity is identical to that
of measure, based on purity [75].
IV. CONCLUSIONS
To summarize, in this work our goal is to develop frame-
works for detection of non-Markovianity using the mech-
anism of quantum uncertainty relations. In particular, we
formulate two different ways to detect signatures of non-
Markovianity in open system dynamics. First, we establish
that violation of uncertainty relations for Choi states corre-
sponding to the evolution dynamics is sufficient to detect non-
Markovianity. Our formalism is exemplified in the context
of dephasing and spin-bath models for which non-Markovian
evolution can be certified by the violation of the Robertson-
Schrodinger uncertainty relation. Based on our approach,
we propose certain linear and non-linear witnesses of non-
Markovianity. We further present an example to clarify the ad-
vantage of the sum uncertainty relation for non-Markovianity
detection. Secondly, adopting another approach of using un-
certainty relations, we show that for unital dynamics non-
Markovianity is necessary to decrease the RS-uncertainty for
the time-evolving physical states. This enables us to pro-
pose a new non-Markovianity quantifier for unital dynamics
of qubits.
Before concluding, it may be noted that the approaches dis-
cussed here are amenable for experimental verification. Vari-
ances of observables have been measured using optical set-ups
in several experimental schemes [42, 46, 48]. On the other
hand, there has been considerable recent activity towards ex-
perimental realization of non-Markovianity under dephasing
optical channels [22, 78–81]. In light of these results, it may
be feasible to measure the RS uncertainty experimentally, in
order to conclude whether the dynamics is non-Markovian,
based on the formalism described by us.It is also important
to mention that in order to compute the uncertainty quantity,
we do not need to do a full process tomography as required
for several other methods of detecting non-Markovianity [11–
14, 84]. Therefore, in case of determining the nature of
the specific quantum evolution experimentally, our method is
more efficient and cost effective. It is thus evident that our
framework with further development should provide an av-
enue for experimental investigation of non-Markovian evolu-
tion in a quantitative manner.
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